SUMMARY A sample of 99 early treated phenylketonuric children showed higher levels of behavioural deviance than 197 matched controls. For boys this excess of behavioural deviance persisted when IQ was taken into account. For phenylketonuric girls however it was restricted to those with IQs<70. The type of behavioural deviance shown by the boys over the whole IQ range was predominantly neurotic. The levels of behavioural deviance found in phenylketonuric children were among the highest that have been reported for children with various handicapping conditions.
It has now been shown that early treatment of phenylketonuria (PKU) results in a reasonably full preservation of intellectual functioning, although there may be a failure to reach full cognitive potential (Berman and Ford, 1970; Hudson et al., 1970; Koch et al., 1973; Smith and Wolff, 1974) . The behaviour and emotional development of early treated children has been less thoroughly investigated (Wood et al., 1967; Hackney et al., 1968; Siegel et al., 1968; Frankenburg et al., 1973) . These aspects of personality development are of importance in children with PKU because of the inevitable stresses that they are likely to meet as a result of their highly artificial diet. The capacity to cope with this diet will depend on the child's own adjustment to an increasing extent as he gets older. A girl with PKU is particularly likely to face stress in her child-bearing years because of the likelihood of her giving birth to a handicapped child. This risk to the fetus is probably reduced if a low phenylalanine diet is given during pregnancy, although the diet should be introduced before conception and no guarantee of a normal outcome can be given. Finally, because of the higher rates of psychiatric disorder in children with brain dysfunction (Graham and Rutter, 1968) , even children in whom PKU is treated early may have an increased risk of disturbance, however strictly the diet is enforced, because blood phenylalanine levels are bound to vary over a wider range than in the normal child. For these reasons it was thought worthwhile to investigate behavioural deviance in children with PKU.
Patients and methods
Newborn infants in the UK are tested for raised blood phenylalanine levels between the 6th and 14th day of life. The Medical Research Council and the Department of Health and Social Security maintain, initially at Alder Hey Hospital, Liverpool, and currently at the Institute of Child Health, London, a phenylketonuria register. Paediatricians and screening laboratories are asked to notify newly diagnosed cases and at yearly intervals paediatricians are asked to provide follow-up details. The organisation of the register has been described by Hudson and Hawcroft (1977) . Paediatricians are asked to arrange for IQs to be measured in all the children at 4 years (Stanford Binet) (Terman and Merrill, 1960) , and then at 8, 10, and 12 years (Wechsler intelligence scale for children) (Wechsler, 1949), within 6 weeks of each child's birthday; the psychologist carrying out the test at 8 years is also asked to give a Schonell graded word reading test (Schonell, 1955 (Rutter et al., 1970b) when the child is 8 years old. At the same age, after obtaining parental permission, the child's class teacher is asked to complete a behaviour questionnaire (Rutter B scale) (Rutter, 1967) on the patient and, as controls, on 2 children in the same class of the same sex and nearest in age to the patient. The information on the control children is provided anonymously.
The Rutter parent and teacher scales consist of descriptions of behaviour rated as 'certainly applies', 'applies somewhat', and 'doesn't apply' (scored 2, 1, and 0 respectively). The teacher scale has 26 such items and the parent scale 18; the parent scale has, in addition, 13 items on health and habits (similarly scored 2, 1, and 0). Children scoring 9 or more on the teacher scale or 13 or more on the parent scale, have been shown by Rutter to have a higher risk of psychiatric disorder than those with lower scores. Furthermore, the deviant behaviour shown by children with high scores can be classified into 3 diagnostic types-antisocial, neurotic, or mixeddepending on the ratings of relevant individual items (Rutter et al., 1970b) . In the present study because numbers were small, antisocial and mixed groups are combined in the analysis.
The children in the present study are the first 99 children with early treated PKU on the register whose parents had completed a behaviour questionnaire. For 38 other early treated cases no parent behaviour questionnaire had been obtained. Teacher behaviour questionnaire data are also available for this sample and for their 197 matched control children (data were missing for one control child). IQ data were obtained for a subsample of 86 PKU children. Parent scale ratings and IQs were not obtained on control children.
Results
Overall rates of behavioural deviance on the teacher Rutter scale for patient and control groups. Table 1 shows the numbers of patient and control children that were identified by the teacher scale as being behaviourally deviant. More (40%/) of the patient sample were behaviourally deviant than the control group (20%) (x2=l3 50 df=1, P<0 001). A greater proportion of the total patient sample (22 %) showed neurotic deviance than did the control group (8%) (Z= 3-59, P <0-001). The proportions in the 2 groups showing antisocial deviance were not significantly different.
There is a difference between the boys and girls in the patient sample. The male patients showed more frequent behavioural deviance than the controls (X2 =21*38, df=1, P<0.001) and the proportion of male patients with neurotic deviance (31 %) was greater than that of the controls (4%) (Z =2.15, P < 0.05); the proportion of male patients with antisocial deviance although twice that of the controls was not significantly different. For female patients neither the overall rate of deviance nor the rate of antisocial or neurotic deviance was significantly greater than for controls. The greater behavioural deviance among the children with PKU is due mainly to the neurotic deviance among the boys.
Parental Rutter scale rates of deviance for the patient group. The children with PKU showed the same pattern of deviance on the parental scale as was found on the teacher scale. The parents identified fewer children as deviant (24%) than the teachers (40%) (X2=5 91, df=1, P<0.02) but, like the teachers, they more often identified neurotic deviance than antisocial deviance. On the parent scale boys (33 %O) again more often showed deviance than girls (17%/) and although the rates of antisocial deviance were similar for boys (11 %), and girls (7%), the parents identified more boys (22%) than girls (9 %.) as neurotic. None of these sex differences is however significant. 
Discussion
The results of the study show that PKU children had significantly higher rates of behavioural deviance than matched controls. The high rate of deviance however is restricted to boys, and to girls with IQs <70. Previous work with the Rutter scales has demonstrated that behavioural deviance is closely related to the presence of psychiatric disorder, defined as a significantly handicapping behavioural or emotional disturbance (Rutter, 1967; Rutter et al., 1970b) . The high rate of deviance found among the PKU children of this study probably indicates that these children have a higher rate of psychiatric disorder than normal children. These findings are not in agreement with those of Siegel et al. (1968) who used an unstandardised school behaviour profile and compared PKU children with matched controls, finding no greater amount of behavioural deviance in 13 PKU children.
In the present study 20 % of control children were rated as behaviourally deviant on the teacher questionnaire. This percentage is high compared with that found in the Isle of Wight (IOW) study (Table 3) but is almost identical with the figure of 19.1 % found in a study of randomly selected 10-year-old children living in an inner London borough , which is probably representative of children living in big cities in the UK. We do not have data on the urban/rural distribution of the PKU children but it is likely that, as with the general population, most of them live in urban areas.
The rate of 40 % deviance on the teacher questionnaire for the children with PKU is higher than any other group of children so far reported, except for IOW children suffering from combined lesions above the brain stem (usually cerebral palsy) with or without epilepsy (Table 3 ). The rate of 24% deviance on the parent questionnaire is also similar in children with brain lesions and those with uncomplicated epilepsy and is again higher than all others reported. However the children in the present study were younger than those of other studies, and a previous study (Graham and Rutter, 1973) showed that younger children tend to have higher rates of deviance when measured by the Rutter scales. Another factor which may have contributed to the high rates of deviance observed in children with PKU is their low IQs. Previous work with normal children has shown a relationship between IQ and behavioural deviance, particularly for the teacher scale. Children with intellectual retardation (IQ <70) on the IOW (Rutter et al., 1970b) showed deviance rates of 41 % with roughly equal proportions of neurotic and antisocial deviance, and children with psychiatric disorder have been shown to have slightly lower IQs than normal controls (Rutter et al., 1970b) ; however the effect is slight (equivalent to about 5 IQ points), and for boys it is restricted to those with antisocial disorders. The high rate of deviance of PKU girls is confined to those with IQs <70, and boys with IQs <70 showed a particularly high rate of deviance. However boys with IQs >70 also showed significantly more frequent behavioural disturbance; this together with the high rate of neurotic disorder among the boys suggests that low IQs cannot be the only explanation for the behavioural deviance.
It is not possible from these data to find the cause for the high rate of behavioural deviance among PKU children, although there are several possibilities, namely: (1) direct effect of raised blood phenylalanine levels on brain cell metabolism producing disordered functioning, (2) effect of phenylalanine levels on brain growth and development in early life, (3) psychological effects of a very abnormal diet for a long period on the child himself or via its effect on family relationships (Keleske et al., 1967; Sibinga and Friedman, 1971; Bentovim, 1976) , and (4) a genetic mechanism linking the gene producing PKU with others producing a vulnerability to psychiatric disturbance. Psychiatric disturbance, which the high rate of behavioural deviance implies, is a handicap which the treated child (particularly boys) with PKU is more likely to show than children in the general population; those managing the condition may find it helpful to be aware of this fact. The Medical Research Council and Department of Health and Social Security provide financial support for the register. We are grateful to the paediatricians, psychologists, parents, and children who have cooperated in the study which is ongoing.
We wish to pay tribute to Dr F. Hudson who, until his death in 1976, was responsible for the running of the PKU register and whose enthusiasm and dedication are responsible for the register now providing a valuable research tool, which should allow much further work aimed at the improvement of the management of patients with PKU.
